Novel oral anticoagulants (NOACs) are alternatives to vitamin-K antagonists (VKAs) for the prevention of thromboembolism. It is unclear how NOACs have been adopted in the UK since first introduced in 2008. The present study was conducted to describe the trends in the prescription of NOACs in the UK, including dabigatran, rivaroxaban and apixaban.
Introduction
For the past six decades, vitamin K antagonists (VKAs) have been the preventative treatment of choice for patients with atrial fibrillation (AF) and/or venous thromboembolism (VTE).
Although clinically effective at reducing thromboembolic events [2, 3] , VKAs have been associated with significant bleeding risks [4] . The use of VKAs further requires close monitoring on account of their narrow therapeutic window and variable anticoagulant effects [5] .
Novel oral anticoagulants (NOACs) are attractive alternatives for patients in whom traditional oral anticoagulant (OAC) therapy may be contraindicated or impractical. Clinical trials have reported NOACs to be noninferior, and in some cases superior to VKAs in reducing the risk of ischaemic stroke and VTE [6] [7] [8] . In addition to having a potentially more favourable safety profile [9] [10] [11] , NOACs have also been hailed as substantially more practical and easier to use [12] . Accordingly, the first NOAC, dabigatran, was placed on the market throughout the European Union and in the UK in 2008, followed by rivaroxaban in the same year, and by apixaban in 2011.
The UK's National Health Services (NHS) has issued guidelines on the prescription of NOACs [13] . Guidance documents on the use of these medications have also been published by the UK's National Institute for Health and Care Excellence (NICE), which recommends NOACs as possible alternatives to VKAs in specific subgroups of patients with AF or VTE [14] [15] [16] . These include AF patients aged 75 years or older, and those with heart failure and a history of stroke or systemic embolism, among others. However, little is known about how these medications have been prescribed in everyday practice in the UK since their licensing and approval, and it remains unclear to what extent official recommendations and guidelines have been adopted by general practice (GP) clinicians.
The objective of the present study was to address these uncertainties, and to provide insight as to how the recent introduction of NOACs has affected the way that OACs are being received by primary care patients in the UK. To this end, the study examined the temporal trends in the rates of OAC initiation, and in the patient characteristics associated with a first prescription for NOACs as compared with VKAs.
Methods

Data source
The study was conducted using the UK Clinical Practice Research Datalink (CPRD). The data within the CPRD are documented by trained GPs, and include information related to patient demographics, medical diagnoses and procedures, referrals and drug prescriptions. As of 2013, with over 11 million registered patients from over 670 medical practices, the CPRD comprises approximately 7% of the total UK population, of which it is broadly considered to be representative with respect to age, sex and ethnicity [17] . As one of the world's largest databases of electronic medical records, the CPRD has been used extensively for observational research, including pharmacoepidemiological studies of drug safety and utilization [18, 19] . The completeness and quality of CPRD data have been validated previously [20] [21] [22] .
Study population
A cohort was defined comprising CPRD patients aged 18 years or older and registered with a GP for at least 1 day between 1 January 2009 and 31 December 2015. The study period began in 2009 so as to analyse only complete years of prescription data since NOACs were introduced in the UK in March 2008. The cohort was limited to OAC-naïve patients with no record of an OAC prescription in the 12 months prior to the start of follow-up. Follow-up began at the latest of the study start date (1 January 2009), the patient's 18th birthday, 1 year after the patient's registration date with the general practice or 1 year after the date that the practice started to contribute up-tostandard data to the CPRD. Follow-up ended at the earliest of the study end date (31 December 2015) , or the patient's death or transfer out of the practice.
Oral anticoagulants
All OACs available in the UK over the course of the study period were identified. VKAs included warfarin, phenindione and acenocoumarol, and NOACs included dabigatran, rivaroxaban and apixaban. The NOAC edoxaban was licensed throughout the European Union in June 2015. Considering the study timeframe, edoxaban was not analysed in the context of the present study, and first-time edoxaban users were censored at the time of first prescription.
Study covariates
The following patient characteristics were identified at the time of first OAC prescription: age and sex; the comorbidities obesity, smoking, hyperlipidaemia, hypertension, diabetes, coronary artery disease (including myocardial infarction and ischaemic heart disease), congestive heart failure, peripheral vascular disease, chronic obstructive pulmonary disease, chronic kidney disease, cancer, liver disease and a history of bleeding and ischaemic stroke/transient ischaemic attack (TIA); concomitant use of antiplatelet agents, antihypertensive drugs, nonsteroidal anti-inflammatory drugs (NSAIDs) and lipid-lowering drugs; and number of physician visits as a measure of healthcare utilization. All patient characteristics were identified based on CPRD records from the 12 months prior to first OAC prescription.
In patients with AF, a CHADS 2 score (congestive heart failure, hypertension, age ≥ 75 years, diabetes mellitus, stroke/TIA) and a CHA 2 DS 2 -VASc score (congestive heart failure, hypertension, age ≥ 75 years, diabetes mellitus, stroke/TIA, vascular disease, age 65-74 years, sex) were calculated as measures of the risk of stroke [23, 24] . Finally, a modified HAS-BLED score [hypertension, abnormal renal and/or liver function, stroke/TIA, bleeding, labile international normalized ratio (INR), age > 65 years, antiplatelet/NSAID use or alcohol abuse] was estimated as a measure of the risk of major bleeding [25] . Labile INR was omitted from the HAS-BLED score in the present study, considering that new OAC users are unlikely to have an extensive history of INR results, and that INR monitoring is irrelevant in NOAC treatment.
Statistical analyses
Using a Poisson model, the rates of OAC initiation were calculated for VKAs and NOACs separately, and for each year of study as the number of new OAC users divided by the person-time of follow-up from all cohort members, up to their first OAC prescription. These rates were also estimated for each individual NOAC, and were further stratified by age, sex and OAC indication in secondary analyses. The OAC indication was identified as either AF or VTE using an algorithm developed after a blinded review of the records of a random sample of patients. Briefly, READ codes related to AF and VTE were identified in the 6 months and 1 month prior to OAC initiation, respectively. Rate ratios (RRs) were estimated to compare the annual rate of OAC initiation to 2009, as well as to the preceding year. Temporal changes in the distribution of new prescriptions between NOACs and VKAs were evaluated using a chi-squared test for trend. Multivariate logistic regression models were fitted with the aforementioned covariates to identify predictors of NOAC initiation, and stratified by individual NOAC and calendar period (2009-2012, 2013-2014, and 2015) . Predictors of NOAC initiation were also estimated separately for patients with AF and patients with VTE for 2015. CHADS 2 , CHA 2 DS 2 -VASc and HAS-BLED scores were excluded from these models, as each score component was included individually. Confidence intervals (CI) were calculated for all estimates using a 5% significance level. All statistical procedures were conducted using SAS Version 9.4 (SAS Institute Inc., Cary, NC, USA).
The study protocol (No. 16_167R) was approved by the independent scientific advisory committee of the CPRD, and the research ethics committee of the Jewish General Hospital (Montreal, Canada), and was made available to journal reviewers.
Results
After applying all selection criteria, 5 417 063 patients were included in the study cohort, contributing a total of 21 962 610 person-years of follow-up. Within this cohort, 89 626 patients were newly prescribed an OAC during the study period, among whom 18 (<0.1%) were further excluded for having received two first prescriptions on the same day. Of the remaining and final 89 608 new users, 74 767 (83.4%) were initiated on a VKA and 14 841 (16.6%) on a NOAC. AF and VTE were identified as the primary OAC indication in 53 843 (60.1%) and 27 155 (30.3%) new users, respectively. The indication remained unknown for 8610 (9.6%) patients.
The crude rate of OAC initiators increased by approximately 58% from 2009 to 2015 (RR 1.58; 95% CI 1.23, 2.03), as shown in Figure 1 . During this time, there was a 31% decrease in the rate of new VKA use (RR 0.69; 95% CI 0.52, 0.93). By contrast, the rate of new NOAC use increased substantially over the study period (Table  S1) , and particularly from 2012 onwards, with a 17-fold increase from 2012 to 2015 (RR 17.68; 95% CI 12.16, 25.71). Accordingly, NOACs accounted for 56.5% (95% CI 55.6, 57.3) of all OAC prescriptions in 2015 (P < 0.0001 for trend) ( Figure S1 ). These NOAC prescriptions were primarily attributable to rivaroxaban (64.8%), followed by apixaban (29.3%) and dabigatran (5.9%). Whereas the rate of new dabigatran use was relatively low throughout the study period, the rates of rivaroxaban and apixaban initiation increased prominently, up to 200.1 (95% CI 181.8, 220.3) and 90.7 (95% CI 81.9, 100.4) new users per 100 000 persons per year in 2015, respectively ( Figure 2 ).
For both VKAs and NOACs, the rates of initiation increased with age, and the most notable temporal changes occurred primarily among the elderly (aged 75 years and older) (Figure 3 ). Although the rate of new OAC use in patients with AF was considerably higher than for those with VTE, the temporal initiation patterns suggest an increasing rate of NOAC initiation over time for both indications ( Figure 4 ). For VTE patients, this increase was primarily attributable to first-time prescriptions of rivaroxaban ( Figure S2 ). By contrast, there was an increased rate of initiation for all three NOACs in AF patients, which was more marked for both rivaroxaban and apixaban. There was no difference in the prescription trends between men and women, although men had slightly higher rates of OAC initiation overall (data not shown).
The baseline characteristics of first-time NOAC users changed over the course of the study period (Table 1) and furthermore differed between individual NOACs (Table S2) . Based on the logistic regression analyses, patients initiated on NOACs in 2015 were more likely to have a history of stroke/TIA, and less likely to have cardiovascular conditions such as peripheral vascular disease, congestive heart failure and coronary artery disease, compared with patients initiating VKAs (Table 2) . Importantly, the baseline profile of new NOAC users changed substantially from the time that NOACs were first introduced. For instance, patients with chronic kidney disease or cancer were less likely to be prescribed NOACs over VKAs early after the former were introduced onto the market, whereas these characteristics were not associated with choice of OAC class in 2015. The baseline profile of new NOAC users also differed between AF and VTE patients (Table S3) . Notably, among patients with AF, and compared with new users of VKAs, new users of NOACs were less likely to have congestive heart failure and coronary artery disease, and more likely to have had a previous stroke/TIA. These characteristics were not associated with NOAC initiation in new users with VTE.
Discussion
In the present large population-based study, the rates of OAC initiation in the UK increased steadily from 2009 to 2015. NOACs were increasingly prescribed throughout the study period and accounted for over 50% of all new OAC prescriptions in 2015, while a substantial decrease in the rate of new VKA users was noted. Among NOACs, rivaroxaban was prescribed most frequently, followed by apixaban and dabigatran. Furthermore, the profile of patients who were prescribed NOACs changed significantly over time, as did the characteristics associated with initiating NOACs over VKAs.
Increasing rates of OAC prescription have been described in several previous reports from Europe and Canada, in line with our results [26] [27] [28] . The observed increase in our study may be explained by the introduction and adoption of NOACs. Indeed, previous studies had repeatedly shown that VKAs were underutilized in AF, especially among vulnerable patients, such as those with a high risk of bleeding [29, 30] . NOACs being potentially safer than VKAs, as shown in some clinical trials, these at-risk AF patients would have been newly able to receive treatment when NOACs were introduced, and are likely to have contributed significantly to the increasing number of new OAC users. Accordingly, the rate of OAC initiation increased almost solely in AF patients, who also constituted the majority of the new users in the present study. This rate was also highest and most prominent in men and the elderly, which is further in keeping with the incidence of AF being higher in men and increasing with age [31] . Therefore, the introduction of NOACs may have overcome some of the barriers to using OAC therapy in AF. Future studies should re-evaluate the extent to which AF remains undertreated and explore any possible underlying reasons.
As expected, new prescriptions of NOACs increased over the study period. Interestingly, there was a delay in the adoption of NOACs, with new user rates remaining negligible until after 2012. This may be explained, in part, by the fact that the indications for NOACs were initially limited to the primary prevention of VTE in postoperative hip and knee patients. It was not until 2011 that the indications were officially expanded to include nonvalvular AF, and not until 2012 that recommendations from the UK's NICE were published in light of this amendment. This may be a reason for the prominent increase in NOAC prescriptions from 2012 onwards. Similar trends have been observed in Canada and France, where the proportion of OAC prescriptions attributable to NOACs also remained relatively low until NOACs were approved for stroke prevention in AF patients [26, 28] . In the USA and Denmark, NOACs increased to account for approximately 50% of all new OAC prescriptions within 2 years following approval for AF [32, 33] . Although comparable, this is slightly faster than the time taken for NOACs to surpass VKAs in our study. Novel oral anticoagulant prescription trends
These differences in timing may be attributable to a number of factors that influence prescribing practices and that can vary substantially between countries, such as official prescription guidelines, medication costs and reimbursement rates, or even pharmaceutical marketing strategies [34] .
Overall, the rate of dabigatran initiation was the lowest among the three NOACs. Previous research has suggested similar patterns in which, over time, dabigatran prescriptions plateau and are eventually overtaken by rivaroxaban [26, 28, 32, 35] , or in some cases by both rivaroxaban and apixaban [36] . In guidance documents issued by the UK's NHS, rivaroxaban and apixaban are cited as suitable for most patients with nonvalvular AF, whereas in some situations dabigatran is not preferred or even contraindicated [37, 38] . Rivaroxaban is furthermore identified as the NOAC of choice for the treatment and prevention of VTE in several UK counties [39, 40] . These recommendations offer possible explanations for the observed differences between the rates of initiation of individual NOACs, and, indeed, our results suggest that these guidelines have been well adopted by UK GPs. Dabigatran also differs from both rivaroxaban and apixaban in terms of its mechanism of action and other pharmacological characteristics. Notably, dabigatran has a longer half-life and is also primarily cleared renally [41] . A longer half-life heightens the risk of overdose, which may be further exacerbated in those with any form of renal impairment, and dabigatran may therefore also be prescribed infrequently, for precautionary reasons. Conversely, a dramatic increase in new apixaban users was observed. Data on the temporal trends of apixaban initiation remain sparse, considering its more recent introduction as compared with dabigatran and rivaroxaban. Nevertheless, in Denmark, apixaban was found to be the most frequently prescribed among new users of NOACs in 2015 [36] . Future studies in the UK and in other countries will further inform the evolution of the initiation of individual NOACs over time.
Our results suggest that the patient profile associated with NOAC initiation has changed over time. NOAC may have been initially prescribed with greater caution owing to preliminary uncertainties with regard to their effectiveness and safety in primary care. Indeed, over time, patients initiated on NOACs and those initiated on VKAs were more similar in profile. Some patient characteristics were nonetheless significantly associated with a first-time NOAC prescription. For instance, in partial keeping with NICE guidelines, NOACs were preferentially initiated in elderly patients from 2009 to 2012, and in those with a history of stroke/TIA in 2015. Interestingly, NICE also recommends NOACs in AF patients with congestive heart failure; however, these patients were less likely to initiate NOACs in our study. All values are expressed as n (%), unless otherwise specified. CHADS 2 , congestive heart failure, hypertension, age ≥75 years, diabetes mellitus, stroke/ TIA; CHA 2 DS 2 -VASc, congestive heart failure, hypertension, age ≥75 years, diabetes mellitus, stroke/TIA, vascular disease, age 65-74 years, sex; modified HAS-BLED, hypertension, abnormal renal and/or liver function, stroke/TIA, bleeding, age >65 years, antiplatelet/non-steroidal antiinflammatory drug use or alcohol abuse. SD, standard deviation; TIA, transient ischaemic attack a CHADS 2 and CHA 2 DS 2 -VASc were calculated for patients with atrial fibrillation only
Older age has been both positively and negatively associated with first-time NOAC use in previous studies in other countries, and conflicting conclusions have also been drawn with respect to the effect of patient sex, and history of bleeding and stroke/TIA [32, 33, [42] [43] [44] . As already mentioned, the decision to initiate a patient on either NOACs or VKAs may be affected by how recently NOACs were marketed and introduced, and this time effect may also offer some explanation as to the differences in profile that can be observed across studies. The differences between first-time users of NOACs and VKAs and the changes in these differences over time should be taken into consideration in any analyses comparing these distinct patients groups.
The present study was conducted using the CPRD, which provided a large and representative study population and thereby allowed for an accurate depiction of the use of OACs in the UK. Furthermore, the 7-year study timeframe surpassed that of many previous studies, thus permitting a more thorough analysis of the longitudinal trends in OAC prescription, including more recent NOACs such as apixaban. A limitation of the study was that the CPRD contains only records of medications prescribed by primary care physicians. Nevertheless, GPs in the UK typically follow up on medications prescribed in secondary or tertiary care, and the trends described herein may still be considered accurate and informative with respect to the global patterns of OAC use. Additionally, in primary care databases such as As it is often recommended that NOAC doses be adjusted under specific clinical conditions, further stratifying patients by prescribed dose could provide a more detailed depiction of their baseline profile.
In conclusion, the overall rate of OAC initiation increased in the UK from 2009 to 2015, primarily among AF patients, and with NOAC prescriptions now having surpassed those for VKA. The profile of patients initiating these medications has changed further over time. These trends are likely to reflect the interplay of several factors influencing prescribing practices, such as changes in the perceived utility and safety of NOACs, and/or official guidelines, among others. Further studies will explore the impact of these individual factors on OAC prescription trends, and will also establish the safety and effectiveness of NOACs in UK primary care. This will ultimately provide clinicians with more guidance in determining which NOAC is more suitable to prescribe to individual patients.
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